Introduction
Malnutrition affects approximately 40% to 50% of pediatric patients during their hospital stay, which can contribute to compromised immunity and poor muscle function, leading to slower disease recovery and poor postoperative outcome. 1, 2 To improve clinical outcome, improving nutrition is integral. This is often achieved by enteral feeding over the short-term if oral feeding fails to provide sufficient nutrition for a patient, and prior to implementing measures of permanent feeding access as indicated (eg, gastrostomy).
Implementing enteral nutrition in a patient typically requires the insertion of a feeding tube into the stomach or jejunum using a nasogastric or nasojejunal tube (NJT). 3 Common indications for nasojejunal feeding include gastroesophageal reflux disease, feeding intolerance, gastroparesis, pancreatitis, short bowel syndrome, and neurological or psychiatric disorders. 3 NJT insertions often use fluoroscopy or endoscopy to facilitate correct tube placement. 4, 5 Although use of enteral tubes may improve clinical outcome, they are not without complications. Enteral tubes can be dislodged during bouts of vomiting, retching, or coughing, particularly in children. 5, 6 Hwang et al 5 reported that 27% of patients who underwent NJT insertions also underwent subsequent tube insertions to correct tube displacements. Another study reported multiple NJT insertions in 60% of patients between 1 and 195 months (N = 43). 7 Multiple tube insertions in the same patient can generate serious concern due to cumulative radiation exposure. 8 Children are also more sensitive to radiation damage as they are still developing and undergoing cell division. Cancer risk accumulates across one's lifespan, so radiation exposure at a younger age typically increases an individual's risk of developing malignancies later in life. 9 The purpose of our retrospective study was to assess the number of NJT insertions and repeat insertions in a single patient, demographics, time interval between and reasons for reinsertions, and the associated radiation exposure at our institution, to identify those most at risk and why. This was to determine need for procedural change in NJT insertion, to identify those who have undergone or are at risk for multiple reinsertions, and implement blind bedside insertion and/or earlier transition to definitive management, for example, fundoplication.
Materials and Methods
The study received approval from the institution's research ethics board, and waiver for informed consent was obtained. 
Patients

Fluoroscopic Technique and Procedure Details
Standard technique at our institution is for the NJT insertion to be placed by a pediatric-trained radiologist or radiology fellow in a nonsedated patient in supine position, with right lateral decubitus positioning as needed, usually using a weighted tip catheter (of sizes 6-10 French) with guide-wire or stylet in place. Frame rate for all procedures was 7.5 frames/second. Screening is performed with coning, without magnification and using pulsed fluoroscopy (GE HealthCare, GE Precision 500D) while manipulating the catheter tip transpylorically, preferably in the region of the duodenojejunal flexure. Position is usually confirmed via contrast injection through the NJT.
Insertions were considered successful if the tip was at the duodenojejunal flexure (optimal), but a transpyloric position, including in the duodenum or proximal jejunum, was still considered a successful insertion. Insertions were deemed unsuccessful if the tip of the NJT was described as remaining in the stomach at the termination of the procedure, or the patient did not tolerate the procedure and it was discontinued. Both successful and unsuccessful procedures were included in the number of insertions, as unsuccessful procedures still exposed the patient to radiation, and potentially discomfort.
Procedural details including radiation dose measured as dose area product (DAP) in mGycm 2 on an integral DAP meter, fluoroscopy time (minutes), frame rate (frames/second), and size of the NJT were recorded. Corflo NJTs, mostly weighted (1.5 g pediatric weight with stylet were used; Corpak MedSystems). Outcome of the procedure (successful/unsuccessful NJT placement) and the occurrence of complications were obtained using radiology reports in PACS.
Radiation Dose
Mean, minimum, and maximum DAP were determined according to different age and weight categories to capture radiation dose according to body size, as body surface area was not calculated. Patients were divided into different weight groups for standardization, according to the 2008 GE weight-based CT scanning categories.
Indications for Reinsertion
Indications for repeat insertion were recorded from the radiology request form on PACS and grouped into mechanical, positional, symptom-related, and pulled categories. The latter was subdivided into pulled accidentally (unplanned pulled) or intentionally (planned pulled) if necessitated by a procedure (planned pulled), for example, abdominal computed tomography to avoid tip artifact. Reinsertion requests not specifying a particular reason were grouped accordingly.
Referrer Details
Referrer details including the ward, service, and referring physician were also obtained from PACS to identify sources of frequent NJT referrals. 
Statistics
Results
Patients
Four hundred and fifty-four NJT insertions from February 2007 and August 2012 were identified from PACS. Five insertions were excluded from the initial audit due to data entry errors, leaving 449 NJT insertions for study inclusion.
The 449 NJT insertions were performed in 252 patients, 116 (46%) male and 136 (54%) female, with an age range of 3 days to 17 years 11 months (median = 5.3 months) and weight range of 1.23 to 113.5 kg (median = 5.22 kg).
Procedure Details
Of the 449 insertions, 396 (88.2%) were classified as successful, the majority with the tip in the third or fourth parts of the duodenum, only a few in the second part of the duodenum. Mean fluoroscopy time for the procedures was 4.5 ± 4.1 minutes.
Radiation Dose
As anticipated, mean DAP showed an overall increase with age (Table 1 ) and weight ( Table 2) .
Radiation Dose Comparison
Radiation dose comparisons between conventional abdominal radiographs, low-dose radiographs, fluorospot, and conventional fluoroscopy are illustrated in Table 3 . Mean DAP using our fluoroscopic NJT technique is comparable to low-dose radiographs and higher than fluorospot technique as expected, but lower than conventional radiographs in sample age ranges according to data from Magistrelli et al. 10 
Reinsertion Frequency and Timing
A total of 105 of 252 (41.7%) patients underwent multiple reinsertions. Of these, the majority had between 2 to 4 insertions; very few had 5 or more (Figure 1 
Indications for Reinsertion
The majority of reinsertions were due to NJTs being pulled out (34.0%) either accidentally (unplanned; 31.5%) or intentionally for a specified procedure (planned; 2.5%; Figure 5 ). Reinsertion frequency by age in the unplanned group was similar to the overall group (Figure 3) , again most occurring under 1 year of age (median 6 months), within 1 month, similar to the overall group, and most having only undergone one reinsertion ( Figure 6 ). A smaller proportion of reinsertions were a consequence of mechanical issues, such as blocked, leaking or broken tubes or tubes due for replacement, and positional issues, including tubes reverting to a nasoduodenal or nasogastric position, rarely too distal. Fewer were due to patient symptoms, including but not limited to vomiting and intussusception, with indication in a similar number unspecified.
Referral Details
Most frequent referrals were from general pediatrics (17.2%), neonatal (16.5%) and pediatric (11.9%) intensive care, and gastroenterology (12.4%), with the remaining referral groups each less than 10%.
Discussion
Fluoroscopic NJT insertions, despite having high success rates as reported in previous studies, 8, 11 can expose a child to commensurately higher radiation exposure if multiple insertions are required. In our study, radiation dose demonstrated an overall increasing trend with age and weight as we had expected. However, when comparing against reported but unpublished DAP values from Magistrelli et al, 10 alternative imaging techniques, such as use of low-dose radiography or fluorospot to confirm NJT tip positions, become viable options to minimize radiation exposure, the latter a third or less of the mean DAP when compared with fluoroscopy. By procedure modification, reducing exposure to ionizing radiation and anticipated stochastic effects can potentially be better achieved. 9 Vitta et al reported a reinsertion frequency of 60% with an average of 4.3 fluoroscopic NJT insertions occurring in children who underwent multiple insertions under a 4-month time period; however, 2 had more than 20 insertions in a 14-month period corresponding to a cumulative DAP of 50 cGycm 2 and 31.2 cGycm 2 , respectively. 7 This is comparable to our results with a reinsertion frequency of 67.3% with a lower average of 2.9 insertions in children undergoing multiple insertions. Moreover, the majority of our reinsertions occurred in patients aged less than 1 year and within 1 week of prior insertion. Of those patients that underwent multiple reinsertions, 86.7% underwent 2 to 4 insertions, while 13.3% represented exceptional cases where patients underwent 5 or more insertions. In our study, the greatest number of insertions in a single patient was 9 insertions within 3 months. The high reinsertion frequency, the short time interval within which the majority of reinsertions occurred, the overrepresentation of younger and smaller patients, and the exceptionally high number of reinsertions in a subset of our patients warrants serious consideration of alternate techniques to minimize radiation dose.
Most reinsertions resulted from an NJT being pulled out, the majority of these unintentionally (31.5%), although in this unplanned pulled group most underwent only one reinsertion. Timing between reinsertions for this group was comparable to the overall group, the majority occurring under a 1-month time period, and in patients under 1 year of age. Since the majority of reinsertions were required due to instances of pulled tubes, particularly in our younger patients, spending more time securing the tube on initial placement may help reduce the frequency and need for multiple reinsertions in cases where tubes are accidentally pulled by patients or caregivers.
Our high reinsertion rate can likely be attributed to a number of other factors. First, 1.5-g weighted tips were used at the time these procedures were conducted, which are different from the 1-g weighted tips currently used at our institution. Anecdotally, the shorter length of the 1-g weighted tip makes it easier to maneuver the NJT around the duodenal loop, better facilitating insertion. Tube insertions are also typically more difficult in pediatric patients due to their smaller size and decreased compliance. Two thirds of our patients were less than a year and less than 6 kg, making insertion of NJTs challenging. Concomitantly, although these data were not formally collected, many were likely to be performed in complex care patients or patients with comorbidities, further contributing to the challenging nature of these insertions.
Operator proficiency may have also had a contributory effect on our high reinsertion rate. Although all procedures were conducted by pediatric-fellowship-trained radiologists and fellows, technique of insertion may have varied between radiologists, with possible effect on the success of the procedure.
An analysis of referrer details demonstrated that general pediatrics and the neonatal and pediatric intensive care units were the most frequent NJT referrers, constituting one-half of all NJT referrals during the 5-year time period. Capturing this information is imperative to identifying those groups most likely to benefit from improving or modifying strategies for NJT insertion, particularly in patients who have or are at risk for undergoing multiple insertions. This will allow more targeted education of referring physicians when implementing procedure modification.
Limitations of our study include the retrospective nature of our study and that data were collected from a single institution only. Inconsistencies in the availability of procedural details such as inclusion of radiation dose (DAP) and type of NJT inserted were also encountered. Additionally, NJT tip position was confirmed by details contained within the radiology report and not by direct assessment of images in PACS. This may have contributed to slight discrepancies between the described and actual positioning of the tip between different practitioners and subsequent determination of procedural success. For instance, whether a loop was left in the stomach would not have been evaluated but may have been cause for a reinsertion.
A high NJT reinsertion frequency strongly suggests the need to adopt a policy change reducing the number of reinsertions. This could include more standardized techniques for insertion and securing of NJTs continuing with the current approach, or using lower dose techniques such as blind insertion at the bedside with a fluorospot to check position.
An approach to flagging a patient undergoing, for example, a third insertion may allow for the referring physician to become aware of a patient's difficulty in tolerating an NJT, particularly if in short time frames, and if referred for reinsertions without awareness of the primary physician. This could serve as a time point to reassess and potentially hasten definitive management, such as fundoplication or gastrostomy tube, or consider an alternative lower dose technique, such as a bedside placement of an NJT.
One aspect of NJT insertion this study did not address but is considered an important consideration is patient acceptance or tolerance of the fluoroscopically guided procedure. In our experience, there is a distinct benefit of the self-guided approach over the fluoroscopically guided technique, as the self-guided approach requires no or minimal catheter manipulation beyond initial insertion of the catheter tip into the stomach in most instances. Few studies address NJT patient tolerance, rather they refer more to rate of feeding tolerance than acceptance. 4, 12 Qualitatively evaluating one or both techniques in older patients could be undertaken prospectively.
It is also worth mentioning that data regarding the anchoring technique of the NJT at the nares was not captured in this study as this information was not always available in the radiology report. This could be a point of special attention for patients where reinsertions are common.
Future directions should also involve interdisciplinary collaboration to optimize the NJT referral process and establish policies to address patients undergoing multiple insertions.
Conclusion
High NJT reinsertion frequency in our patient population and associated radiation exposure with fluoroscopically guided NJT insertions suggests implementing a policy change, which would enable a patient to receive a definitive treatment earlier or an alternative lower dose blind bedside insertion.
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